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Description 



STRUCTURE AND METHOD OF FORMING 
A BIPOLAR TRANSISTOR HAVING A VOID 
BETWEEN EMITTER AND EXTRINSIC BASE 

Background of Invention 

[0001] The present invention relates to bipolar transistors and 

their fabrication, especially heterojunction bipolar transis- 
tors utilized in high-speed integrated circuits. 

[0002] High performance circuits, especially those used for radio 
frequency chips, favor the use of heterojunction bipolar 
transistors (HBTs) to provide high maximum oscillation 
frequency f and high transient frequency f , also re- 

MAX T 

ferred to as "cutoff frequency". HBTs have a structure in 
which the base of the transistor includes a relatively thin 
layer of single-crystal semiconductor alloy material. As an 
example, an HBT fabricated on a substrate of single- 
crystal silicon can have a single-crystal base formed of 
silicon germanium (SiGe) having substantial germanium 
content and profile to improve high-speed performance. 



Such HBT is commonly referred to as a SiGe HBT. 

[0003] a particularly advantageous type of HBT has a "graded 
base" in which the content of particular semiconductor 
materials varies according to depth within the base of the 
transistor. For example, in some graded base HBTs which 
have a base including SiGe, the germanium content varies 
continuously with depth across the thickness of the SiGe 
layer. In such "graded-base HBT, a significant quasi- 
electric field results during operation that decreases the 
transit time of charge carriers through the base. De- 
creased transit time, in turn, enables higher gain and cut- 
off frequency to be achieved than in transistors having the 
same semiconductor material throughout. 

[0004] jo increase the performance of an HBT, it is desirable to 
increase the transit frequency f^, and the maximum oscil- 
lation frequency f . The transit frequency f is the fre- 

MAX T 

quency at which the current gain of the transistor de- 
creases to unity such that the HBT no longer amplifies 
currents above that frequency. F is a function of f and 

M 7 MAX T 

of parasitic resistances and parasitic capacitances 
(collectively referred to herein as "parasitics") between el- 
ements of the transistor according to the formula 

[0005] f =(f/8TTC R) 1/2 . 
MAX T cb b 



[0006] The parasitics of the HBT include the following parasitic 

capacitances and resistances, as listed in Table 1: 
[0007] Table i 

[0008] c collector-base capacitance 

CD 

[0009] q emitter-base capacitance 

eb 

[0010] r collector resistance 

c 

[° 011 ] R emitter resistance 

e 

[0012] r base resistance 

b 

[0013] The parasitics having the most significant effect on per- 
formance are the collector-base capacitance C and the 

cb 

base resistance R . The charging of the parasitic C 

b ~" cb 

through the parasitic R has the greatest impact on power 

b 

delivery that is reflected in the f figure of merit. On the 

MAX 

other hand, the emitter-base capacitance C is the para- 

eb 

sitic having the single largest capacitance. As explained 
more fully below, the value of C indirectly but pro- 

eb 

foundly affects the value of C , in that large C requires 

cb eb 

high operational current. High operational current can re- 
quire that the base have a high concentration of charge 
carriers. The ability of the device to sustain a high charge 
carrier concentration without the base dimension expand- 



ing during operation due to the well-known "base push- 
out effect" comes at the expense of increased C . Thus, it 

CD 

is desirable to provide an HBT structure and method by 
which C and C are significantly reduced. 

eb cb 

[0014] An example of a state of the art heterojunction bipolar 
transistor (HBT) structure containing parasitics is illus- 
trated in Figure 1. As depicted in the cross-sectional view 
therein, an ideal or "intrinsic" device consists of a one- 
dimensional slice downward through the centerline 2 of 
the HBT, through emitter 4, intrinsic base layer 3, and col- 
lector 6. The emitter 4 is generally heavily doped with a 
particular dopant type, (e.g. n-type), and generally con- 
sists essentially of polycrystalline silicon (hereinafter, 
"polysilicon"). The intrinsic base 3 is predominantly doped 
with the opposite type dopant (e.g. p-type), and less 
heavily than the emitter 4.The collector 6 is doped pre- 
dominantly with the same dopant (e.g. n-type) as the 
emitter 4, but even less heavily than the intrinsic base 3. 
Region 5 represents the depletion region disposed be- 
tween the intrinsic base 3 and the collector 6, due to the 
p-n junction between the base and collector, which have 
different predominant dopant types. Region 7 represents 
the depletion region disposed between the intrinsic base 3 



and the emitter 4, due to the p-n junction between the 
base and emitter, which have different predominant 
dopant types. Often, the intrinsic base 3 is formed of sili- 
con germanium (SiGe), which is epitaxially grown on the 
surface of the underlying collector 6. 
[0015] The ideal structure itself contains two capacitances that 
impact performance. There is the intrinsic emitter-base 
capacitance C at the junction 7 between the emitter 4 

BE, I 

and the base 3. In addition, there is an intrinsic collector 
base capacitance C cb | at the junction 5 between the col- 
lector and the base. These capacitances are related to the 
areas of the respective junctions, as well as to the quanti- 
ties of dopant on either side of the respective junctions. 
Although these capacitances impact the power gain of the 
transistor, they are an inextricable part of the ideal tran- 
sistor structure and thus cannot be fully eliminated. Since 
a one-dimensional transistor, free of all material beyond 
the intrinsic device, cannot be realized in a practical pro- 
cess, typically a transistor contains additional parasitics 
stemming from interaction between the intrinsic device 
and other material structures in which the intrinsic device 
is embedded, such structures helping to provide electrical 
access to and heat transfer from the intrinsic device. 



Among such additional parasitics is the extrinsic emitter 
base capacitance, shown in Figure 1 as C bee 8. In higher 
performance transistors the dimension of the emitter in 
the lateral dimension is generally made smaller, in order 
to reduce the parasitic resistances. In such transistors, the 
region surrounding the emitter becomes larger for the 
same device area. As a result, the extrinsic portion of the 
emitter-base capacitance C increases as a proportion 

EB,E 

of the total emitter-base capacitance. Reductions in C ebe , 
therefore, produce increasing benefits as the device di- 
mensions decrease. 
[0016] Through the well-known relation that transit time (~l/f T ) 
is proportional to (C +C )/l (where I is the collector 

eb cb C C 

current), and the observation that C is generally signifi— 

eb 

cantly larger than C , one can observe that f and f 

7 3 cb T MAX 

performance increase with decreasing C . Alternatively, 

eb 

the reduction in C , is matched by a similar reduction in I 

eb 

c , resulting in the same performance at a lower power. 
With lower l c required for the needed performance, the 
collector doping can be reduced, which in turn causes the 
value of C to fall, as a result. In such way, a reduction in 

cb 

C will indirectly result in a decrease in C and an in- 

eb cb 

crease in f 

MAX 



[0017] Therefore, it would be desirable to provide a structure and 
method of fabricating a bipolar transistor having reduced 
extrinsic emitter base capacitance C eb so as to achieve 
superior high-frequency current and power gain. 

[0018] As provided by the prior art, differences exist among SiGe 
HBTs which allow them to achieve higher performance, or 
to be more easily fabricated. A cross-sectional view of one 
such prior art SiGe HBT 10 is illustrated in Figure 2. Such 
non-self-aligned HBT 10 can be fabricated relatively eas- 
ily, but other designs provide better performance. As de- 
picted in Figure 2, the HBT 10 includes an intrinsic base 
12, which is disposed in vertical relation between the 
emitter 14 and the collector 16. The intrinsic base 12 in- 
cludes a single-crystal layer of SiGe (a single-crystal of 
silicon germanium having a substantial proportion of ger- 
manium). The SiGe layer forms a heterojunction with the 
collector 16 and a relatively thin layer of single-crystal sil- 
icon 13 which is typically present in the space between 
the SiGe layer and the emitter 14. 

[0019] a raised extrinsic base 18 is disposed over the intrinsic 
base 12 as an annular structure surrounding the emitter 
14. The purpose of the raised extrinsic base 18 is to inject 
a base current into the intrinsic base 12. For good perfor- 



mance, the interface 24 between the raised extrinsic base 
18 and the intrinsic base is close to the junction between 
the emitter 14 and the intrinsic base 12. By making this 
distance small, the resistance across the intrinsic base 12 
between the interface 24 and the emitter 14 is decreased, 
thereby reducing the base resistance R (hence RC delay) 

b 

of the HBT 10. It is desirable that the interface 24 to the 
raised extrinsic base be self-aligned to the edge of the 
emitter 14. Such self-alignment would exist if the raised 
extrinsic base were spaced from the emitter 14 only by 
the width of one or more dielectric spacers formed on a 
sidewall of the raised extrinsic base 18. 
[0020] However, in the HBT 10 shown in Figure 2, the interface 
24 is not self-aligned to the emitter 14, and the distance 
separating them is not as small or as symmetric as desir- 
able. A dielectric landing pad, portions 21, 22 of which 
are visible in the view of Figure 2, is disposed as an annu- 
lar structure surrounding the emitter 14. Portions 21, 22 
of the landing pad separate the raised extrinsic base 18 
from the intrinsic base 12 on different sides of the emitter 
14, making the two structures not self-aligned. Moreover, 
as shown in Figure 2, because of imperfect alignment be- 
tween lithography steps used to define the edges of por- 



tions 21 and 22 and those used to define the emitter 
opening, the lengths of portions 21 and 22 can become 
non-symmetric about the emitter opening, causing per- 
formance to vary. 
[0021] The landing pad functions as a sacrificial etch stop layer 
during fabrication. The formation of the landing pad and 
its use are as follows. After forming the SiGe layer of the 
intrinsic base 12 by epitaxial growth onto the underlying 
substrate 11, a layer of silicon 13 is formed over the SiGe 
layer 12. A layer of silicon dioxide is deposited as the 
landing pad and is then photolithographically patterned to 
expose the layer 13 of single-crystal silicon. This pho- 
tolithographic patterning defines the locations of interface 
24 at the edges of landing pad portions 21, 22, which will 
be disposed thereafter to the left and the right of the 
emitter 14. A layer of polysilicon is then deposited to a 
desired thickness, from which layer the extrinsic base 18 
will be formed. 

[0022] Thereafter, an opening is formed in the polysilicon by 

anisotropically etching the polysilicon layer (as by a reac- 
tive ion etch) selectively to silicon dioxide, such etch 
stopping on the landing pad. After forming a spacer in the 
opening, the landing pad is then wet etched within the 



opening to expose silicon layer 13 and SiGe layer 12. A 
problem of the non-self-aligned structure of HBT 10 is 
high base resistance R . Resistance is a function of the 
distance of a conductive path, divided by the cross- 
sectional area of the path. As the SiGe layer 12 is a rela- 
tively thin layer, significant resistance can be encountered 
by current traversing the distance from the extrinsic base 
under landing pad portions 21, 22 to the area of the in- 
trinsic base 12 under the emitter 14, such resistance lim- 
iting the high speed performance of the transistor. 
[0023] Figure 3 is a cross-sectional view illustrating another HBT 
50 according to the prior art. Like HBT 10, HBT 50 in- 
cludes an intrinsic base 52 having a layer of silicon ger- 
manium and an extrinsic base 58 consisting of polysilicon 
in contact with the single-crystal intrinsic base 52. How- 
ever, unlike HBT 10, HBT 50 does not include landing pad 
portions 21, 22, but rather, the raised extrinsic base 58 is 
self-aligned to the emitter 54, the extrinsic base 58 being 
spaced from the emitter 54 by dielectric spacer. Self- 
aligned HBT structures such as HBT 50 have demonstrated 
high f and f as reported in Jagannathan, et al., "Self- 

T MAX 

aligned SiGe NPN Transistors with 285 GHz f and 207 

MAX 

GHz f in a Manufacturable Technology," IEEE Electron De- 



vice letters 23, 258 (2002) and J.S. Rieh, et al., "SiGe HBTs 
with Cut-off Frequency of 350 GHz," International Elec- 
tron Device Meeting Technical Digest, 771 (2002). In such 
self-aligned HBT structures, the emitter 54 is self-aligned 
to the raised extrinsic base 58. 
[0024] Several methods are provided by art which is background 
to the present invention for fabricating an HBT 50 such as 
that shown in Figure 3. According to one approach, chem- 
ical mechanical polishing (CMP) is used to planarize the 
extrinsic base polysilicon over a pre-defined sacrificial 
emitter pedestal, as described in U.S. Patent Nos. 
5,128,271 and 6,346,453. A drawback of this method is 
that the extrinsic base layer thickness, hence the base re- 
sistance R , can vary significantly between small and large 

b 

devices, as well as, between low and high density areas of 
devices due to dishing of the polysilicon during CMP. 
[0025] | n another approach, described in U.S. Patent Nos. 

5,494,836; 5,506,427; and 5,962,880, the intrinsic base 
is grown using selective epitaxy inside an emitter opening 
and under an overhanging polysilicon layer of the extrin- 
sic base. In this approach, self-alignment of the emitter to 
the extrinsic base is achieved by the epitaxially grown 
material under the overhang. However, with this ap- 



proach, special crystal growth techniques are required to 
ensure good, low-resistance contact between the intrinsic 
base and the extrinsic base. 
[0026] As described in commonly assigned, co-pending U.S. 

Patent Application No. 09/962,738 of Freeman et al. filed 
September 25, 2001, a self-aligned HBT is formed by a 
process including chemical mechanical polishing (CMP) 
steps. In such process, as shown in Figures 4A-4C, the in- 
trinsic base 60 is formed by non-selective epitaxy over 
the collector 62. A raised extrinsic base 64 is formed by 
depositing polysilicon in an opening which has an up- 
wardly projecting mandrel 66 in the center of the opening. 
Thereafter, as shown in Figure 4B, the polysilicon is re- 
cessed by etching selectively to an exterior material of the 
mandrel, and a layer 68 of oxide is deposited in the open- 
ing. The oxide layer is then polished to the level of the 
mandrel and then the mandrel is thereafter removed, as 
shown in Figure 4C. While the process described therein 
self-aligns the raised extrinsic base to the emitter, the 
base resistance R is dependent upon the accuracy and 

b 

uniformity of recessing the polysilicon layer. 
[0027] The article by M.W. Xu et al entitled "Ultra Low Power 

SiGe:C HBT for 0.18um RF-BiCMOS"published in Proceed- 



ings of the IEEE International Electron Devices Meeting, 
2003 describes a method of optimizing the dimension of 
the emitter layer and its dopant profile in order to reduce 
the intrinsic portion of the emitter-base capacitance (C 

( ). However, the techniques proposed therein result in a 
larger space charge region between the emitter and the 
base of the transistor, which reduces peak performance. 
[0028] Another technique for reducing the intrinsic portion of the 
emitter-base capacitance (C £B| ) is described in commonly 
owned, co-pending U.S. Patent Application Serial No. 
10/008,383 filed December 6, 2001. According to such 
technique, as illustrated in Figures 5 and 6, the depth of 
the emitter 62 is intentionally varied, such that it has a 
lower depth D2 at the center of the transistor, while its 
depth Dl is greater at the perimeter. At high current in- 
jection the device perimeter dominates the transistor op- 
eration and the center is mostly parasitic. Under such 
conditions, this technique provides a more optimal struc- 
ture for establishing a low C transistor. 

3 BE 

[0029] it is desirable to provide a self-aligned HBT and method 
for making such HBT that reduces the extrinsic portion of 
the emitter-base capacitance (C EBE ). i.e., the capacitance 
outside of the operational portion of the transistor be- 



tween the dielectric spacers 21, 22 (Figure 2). Referring to 
illustrative Figure 2, significant contributions to the C gEE 
parasitic capacitance are provided where the emitter 14 is 
disposed in close proximity to the base 12 and 18 across 
a dielectric region or spacer. Additional parasitic capaci- 
tance results from the junction of the emitter layer with 
the base under and beyond the spacers 21, 22. There is 
opportunity for reducing the extrinsic emitter-base ca- 
pacitance (C eb £ ) and obtaining consequent performance 
enhancements. It would further be desirable to reduce the 
overall emitter-base capacitance without having to in- 
crease the thickness of the space charge region of the 
emitter and suffer loss of peak performance. 
[0030] it would further be desirable to lower overall emitter-base 
capacitance, to permit the collector base capacitance to be 
lowered as a result. 
Summary of Invention 

[0031] According to aspects of the invention, a structure and a 
method are provided for making a bipolar transistor, the 
bipolar transistor including a collector, an intrinsic base 
overlying the collector, an emitter overlying the intrinsic 
base, and an extrinsic base spaced from the emitter by a 
gap, the gap including at least one of an air gap and a 



vacuum void. 
Brief Description of Drawings 

[0032] Figure 1 illustrates components of collector base capaci- 
tance in relation to the structure of an HBT. 

[0033] Figure 2 illustrates a non-self-aligned heterojunction 

bipolar transistor according to the prior art, in which the 
raised extrinsic base is formed of polysilicon and is not 
self-aligned to the emitter. 

[0034] Figure 3 illustrates a self-aligned heterojunction bipolar 
transistor according to the prior art, in which the raised 
extrinsic base is formed of polysilicon and is self-aligned 
to the emitter. 

[0035] Figures 4A through 4C illustrate a method of fabricating a 
self-aligned heterojunction bipolar transistor as described 
in commonly owned, co-pending U.S. Patent Application 
No. 09/962,738 filed September 25, 2001, in which the 
raised extrinsic base is formed by a recessed layer of 
polysilicon self-aligned to the emitter. 

[0036] Figures 5 and 6 illustrate a method of fabricating a het- 
erojunction bipolar transistor as described in commonly 
owned, co-pending U.S. Patent Application Serial No. 
10/008,383 filed December 6, 2001. 

[0037] Figure 7 illustrates a heterojunction bipolar transistor 



having a gap disposed between the emitter and the base 
according to one embodiment of the invention. 
[0038] Figures 8 through 20 illustrate a method of fabricating the 
heterojunction bipolar transistor illustrated in Figure 7, 
according to an embodiment of the invention. 
Detailed Description 

[0039] The embodiments of the invention described herein pro- 
vide a structure and method for forming a bipolar transis- 
tor having reduced collector-base capacitance (C ). Re- 

cb 

ducing the collector-base capacitance affects the power 
gain of the transistor, helping to increase f and f . Ac- 

a T MAX 

cording to the embodiments of the invention, these goals 
are furthered without significant impact to series resis- 
tance (R ) or base resistance (R ), thus enabling improve- 

c b 

ments to be achieved in the gain and frequency range of a 
bipolar transistor. 
[0040] The bipolar transistor according to the various embodi- 
ments described herein includes an "air gap", i.e. a gap 
filled with any suitable one or combination of gases or a 
vacuum void (hereinafter "gap") in the place of a tradi- 
tional solid dielectric spacer of silicon nitride or silicon 
dioxide between the emitter and the raised extrinsic base. 
The use of a gap in place of such solid dielectric reduces 



the dielectric constant by a 3:1 ratio or greater and re- 
duces the fringing portion of the capacitance between the 
emitter and the raised extrinsic base to the same degree. 

[0041] | n a particular embodiment of the invention, the semicon- 
ductor material is recessed in the area below the gap be- 
tween the emitter and the raised extrinsic base. This has 
the effect of reducing the perimeter component of the 
junction in the semiconductor material, and helping to 
further reduce the emitter- base capacitance. 

[0042] Figure 7 is a cross-sectional view illustrating a hetero- 
junction bipolar transistor (HBT) 100 according to a first 
embodiment of the invention. As shown in Figure 7, HBT 
100 is desirably fabricated from a substrate 101, e.g. 
wafer, of single-crystal silicon. The HBT 100 includes a 
collector 116, an intrinsic base 112 overlying the collector 
116 region, and an emitter 114 disposed within an open- 
ing overlying the intrinsic base 112. In an embodiment, 
the intrinsic base consists essentially of single-crystal sili- 
con. In another embodiment, the intrinsic base includes a 
layer of single-crystal semiconductor alloy such as silicon 
germanium (SiGe). The intrinsic base is doped with an im- 
purity to provide the opposite type of conductivity (e.g. p- 
type conductivity) as the emitter and the collector, which 



have the same type of conductivity (e.g. n-type conductiv- 
ity). 

[0043] a raised extrinsic base 128 overlies the intrinsic base 112 
and is conductively connected thereto, the raised extrinsic 
base including a layer of polycrystalline semiconductor 
material 125 such as polysilicon or polycrystalline silicon 
germanium (SiGe). The raised extrinsic base 128 desirably 
includes a low-resistance layer 123 including a metal or 
metal silicide, overlying the polycrystalline semiconductor 
layer 125. The raised extrinsic base 128 has an annular 
shape, surrounding the emitter 114. 

[0044] a semiconductor material layer 113 known as an intrinsic 
layer is provided between the emitter 114 and the intrinsic 
base 112 and between the raised extrinsic base and the 
intrinsic base 112. This layer is typically a relatively thin 
layer, which initially has a light dopant concentration but 
takes on a higher dopant concentration and conductivity 
type as a result of dopant diffusion from layers with which 
it is in contact. Layer 113 has the conductivity type of the 
emitter 114 where it underlies the emitter 114 and has 
the conductivity type of the raised extrinsic base 128 
where it underlies the raised extrinsic base 128. 

[0045] Between the emitter 114 and the raised extrinsic base 



128, layer 113 is recessed or removed. In its place, a layer 
of oxide 117 desirably contacts a top surface 115 of the 
intrinsic base 112. The space between the emitter 114 
and raised extrinsic base 128 is occupied by a gap 130, 
which is an air gap or vacuum void. The space above the 
gap 130 is capped by a deposited dielectric material which 
is preferably silicon dioxide. Hereinafter, this structure 
will be referred to as a spacer cap 1800, for ease of refer- 
ence. 

[0046] The emitter 114 extends downwardly to contact the in- 
trinsic base 112 through an opening in the raised extrin- 
sic base 128. Oxide regions 136 and 1800 separate an 
upper portion 2000 of the emitter from the raised extrin- 
sic base 128. 

[0047] The emitter 114 can be made out of a variety of semicon- 
ductor materials such as polysilicon or polycrystalline 
SiGe. Vertical contact to each of the raised extrinsic base 
128, emitter 114 and collector reach-through region 103 
from a overlying wiring level (not shown) is provided 
through metal or metal-silicide filled vias 140, 142, and 
144 that are etched into an overlying deposited interlevel 
dielectric layer (ILD) 146. Desirably, ILD 146 consists es- 
sentially of a deposited oxide, for example, silicon dioxide 



such as oxide deposited from a tetraethylorthosilicate 
(TEOS) precursor or borophosphosilicate glass (BPSG). 

[0048] a method of fabricating an HBT 100 according to an em- 
bodiment of the invention is illustrated in Figures 8 
through 20. As depicted in Figure 8, a single-crystal sili- 
con substrate 101 is patterned to form a first active area 
102 and a second active area 103, and shallow trench iso- 
lations 126 between the active areas 102 and 103. The 
shallow trench isolations 126 are formed by directionally 
etching trenches in the substrate 101, and then filling the 
trenches with a dense oxide, such as may be provided by 
a high electron density plasma (HDP) deposition. 

[0049] a layer 105 of dielectric material, preferably consisting of 
silicon dioxide deposited from a TEOS precursor, is de- 
posited over the substrate and photolithographically pat- 
terned to expose the first active area 102 but not the sec- 
ond active area 103. Active area 102 is then ion im- 
planted, or otherwise doped to form collector 116. When 
the HBT is an npn transistor, the dopant source for this 
step is an n-type dopant such as arsenic and/or phospho- 
rous. 

[0050] As also depicted in Figure 8, a layer 112 of semiconductor 
material including a dopant of the opposite type as the 



collector is epitaxially grown onto the surface of the sub- 
strate in active area 102. This layer 112 becomes an in- 
trinsic base layer of the transistor when completed. When 
the HBT is an npn transistor, the dopant source for this 
step is a p-type dopant such as boron. Preferably, the in- 
trinsic base layer 112 includes a semiconductor alloy such 
as silicon germanium (SiGe) having a substantial percent- 
age content of germanium. Such layer 112 desirably has a 
germanium content which is greater than 20%, while the 
silicon content makes up a complementary percentage. 
Carbon may also be incorporated at small amount, i.e., 
less than one percent, to reduce diffusion of the dopants 
in subsequent processing. In one embodiment of the in- 
vention, the SiGe layer 112 is grown using non-selective 
epitaxy. A second layer 113 of semiconductor material, 
thinner than layer 112 and having a lowered dopant con- 
centration compared to the intrinsic base 112, is then 
epitaxially grown over intrinsic base layer 112. This layer 
113 is subject to being doped by overlying layers which 
are subsequently formed in contact therewith, as by 
dopant outdiffusion therefrom. 
[0051] Thereafter, with reference to Figures 9A-9C and 10, steps 
are performed to define the lateral dimension of the emit- 



ter. As shown in Figure 9A, a thin layer of oxide (e.g. sili- 
con dioxide) 1061 is deposited over single-crystal layer 
113 and polycrystalline base layer 125. Thereafter, a rela- 
tively thick layer 1064 of silicon nitride is deposited over 
the oxide layer. Figure 9B depicts the resulting structure 
after photolithographically patterning the nitride layer 
1064, and then patterning the oxide layer 1061 as by a 
wet etch, selective to nitride and to silicon. Thereafter, as 
shown in Figure 9C, a layer of polysilicon 125 is deposited 
over single-crystal layer 113 and preexisting polysilicon 
layer 124. This may be accomplished through deposition, 
CMP planarization and etch-back, or by selective deposi- 
tion. This step is followed by blanket deposition of an ad- 
ditional oxide layer 1000. The oxide layer is then pla- 
narized to the level of the nitride layer 1064, as by an 
etchback process selective to nitride, or chemical me- 
chanical polishing (CMP), resulting in the structure as 
shown. 

[0052] Figure 10 depicts the structure after removing the nitride 
layer 1064, as by etching, selective to oxide, and then 
forming a relatively thick nitride spacer 1062 in the open- 
ing 1060. Such spacer 1062 is formed, typically by con- 
formally depositing a relatively thick layer of silicon ni- 



tride, and then vertically etching the nitride layer, as by a 
reactive ion etch (RIE), until the underlying oxide layer 
1061 is exposed. 
[0053] As illustrated in Figure 11, the underlying oxide layer 

1061 is thereafter removed from the opening 1060, as by 
a wet etch, leaving oxide pad 1174. A further layer 1100 
of polysilicon is deposited over layer 113 within the open- 
ing as an emitter contact layer. 

[0054] Thereafter, as shown in Figure 12, the emitter polysilicon 
layer 114 is recessed, as by CMP, or by etching the 
polysilicon selectively to oxide and nitride. Then, as 
shown in Figure 13, the oxide layer 1000 is recessed, as 
by RIE or a wet etch, in a process selective to at least ni- 
tride. Thereafter, as shown in Figure 14, the nitride spacer 

1062 is removed, as by wet etching, selective to oxide and 
to polysilicon, to form an annular opening 1400. As illus- 
trated in Figure 15, the oxide pad 1174 is then removed, 
as by wet etching selective to the underlying semiconduc- 
tor material. 

[0055] Thereafter, as illustrated in Figure 16, layer 113 is re- 
moved from inside the annular opening 1400, as by a wet 
etch, selective to the material of the intrinsic base layer 
112. Ordinarily, dopants diffuse laterally outward from the 



emitter 114 into this region, such that an unnecessary p-n 
junction exists by the juxtaposition of this outdiffusion 
region to the intrinsic base 112. By removing the lightly 
doped layer 113 in region 1400, the junction is eliminated 
in region 1400, thereby eliminating its contribution to the 
emitter-base junction capacitance. Selectivity is achieved 
because at least the conductivity (p- and n-) types of layer 

112 and 113 vary, and preferably the materials also vary 
between SiGe and silicon. Alternatively, a timed etch can 
be performed to remove semiconductor material to a de- 
sired recess depth. Other more exact etching techniques 
can also be utilized such as a plasma etching technique 
such as a plasma RIE or a plasma dry chemical etch (DCE), 
as well as other methods that involve oxidation of layer 

113 followed by wet stripping using an etchant such as 
hydrofluoric acid (HF). 

[0056] | n Figure 17, a non-conformal layer 1700 of oxide is de- 
posited over the structure, including over the oxide layer 
1000, on the emitter 114 and inside the annular opening 
1400. Since this new layer of oxide is non-conformal, the 
annular opening 1400 is not entirely filled, as illustrated 
in Figure 17. The oxide is deposited on the sidewalls of 
layer 1000 and on the bottom of the opening 1400. The 



quantity of material resulting at the bottom of opening 
1400 is small due to the reduced opening resulting from 
the sidewall deposition. In this way, an annular oxide pad 
117 is formed on atop surface 115 of the intrinsic base 
layer 112. In addition, an annular gap 1730 results be- 
tween the emitter 114 and the sidewalls of the layers 125, 
1000 of polysilicon and oxide inside the annular opening 
1400. The deposition of this layer of oxide 1700 can be 
conducted using a technique such as plasma enhanced 
chemical vapor deposition (PECVD). 

[0057] Thereafter, as shown in Figure 18, the oxide layer 1700 is 
recessed until the top surface 214 of the emitter 114 is 
cleared of oxide. Such recessing process can be con- 
ducted by an etching technique such as a RIE or a wet 
etch. This process results in the formation of an annular 
oxide spacer cap 1800 overlying the gap 1730. 

[0058] As depicted in Figure 19, a further emitter layer 1900 is 

deposited over the structure, preferably including polysili- 
con, but which can alternatively consist essentially of a 
metal, a metal silicide or other conductive metal com- 
pound which is compatible with polysilicon, or a combina- 
tion of the foregoing. Thereafter, as shown in Figure 20, 
an upper portion 2000 of the emitter 114 is photolitho- 



graphically defined, followed by the photolithographic 
definition of the raised extrinsic base 128. Thereafter, the 
oxide layer 105 (Figure 8) is removed, to expose the col- 
lector reach-through area 103. It is at this time that an 
optional self-aligned silicidation process can be per- 
formed when the layer 1900 consists essentially of 
polysilicon to form the aforementioned silicide layers 123, 
150 and 152 which overlie the emitter 114, raised extrin- 
sic base polysilicon layer 125 and collector reach-through 
area 103, as shown in Figure 7. 

[0059] Referring to Figure 7 again, a thick interlevel dielectric 

layer (ILD) 146 is then formed over the structure. ILD 146 
consists essentially of a deposited oxide, for example a 
silicon dioxide such as aTEOS oxide or borophosphosili- 
cate glass (BPSG). Vias 140, 142, and 144 are then etched 
in the ILD 146 and subsequently filled with a metal, metal 
silicide or other conductive metal compound or combina- 
tion of the foregoing to form the structure discussed 
above with reference to Figure 7. 

[0060] while the invention has been described in accordance with 
certain preferred embodiments thereof, those skilled in 
the art will understand the many modifications and en- 
hancements which can be made thereto without departing 



from the true scope and spirit of the invention, which is 
limited only by the claims appended below. 



